Conventional MOCVD techniques require molecules displaying volatility and constant vapor pressure. Metal oxide precursors, i.e., b-diketonates, or classical or functionalized metal alkoxides are mostly solids. The various approaches used to tailor volatility are discussed with barium derivatives as an example. The relationships between sublimation temperature and molecular weight suggest that volatility can be optimized on the basis of molecular weight.
INTRODUCTION
The current trend in advanced materials technology is to produce devices which are compact for (integrated circuit technology) and reliable, with fast responses. The processes for film-making or coating processes are therefore increasingly in demand. 1 Common thin-film processing techniques are physical methods or chemical routes, namely metal-organic deposition (MOD), the sol-gel process and chemical vapor deposition (CVD). 2 Although the sol-gel process offers unique opportunities for hybrid (organic-inorganic) materials, 3 metal-organic chemical vapor deposition (MOCVD) is a more appealing technique for electronic applications. It has been established as a very useful fabrication process for the deposition of high-quality epitaxial films, for conformal step coverage and for selective growth, which are unique attributes of CVD. MOCVD is also a cheap and versatile method, working without expensive vacuum equipment by comparison with physical methods. However, volatile precursors with a sufficient thermal stability during the evaporation process are required to function as a carrier for the material to be deposited. Being non-reactive with each other in the vapor phase is an additional need for multimetallic materials.
Molecular chemistry offers a large flexibility for the choice of ligands in order to fulfill the requirements of MOCVD precursors. However, meeting the criteria is still challenging for some elements, e.g. for barium 4, 5 or cerium [6] [7] [8] oxide precursors, and significant deficiencies still exist with respect to vapor pressure and vapor-pressure stability. Indeed, a low charge on a metal ion combined with a large ionic radius (e.g. Ba 2 ) causes considerable problems when attempting to achieve volatility. The demands for large ligandsfor limitation of the nuclearity-and low molecular weight are conflicting and not easily achieved. For precursors of low volatility, viable alternatives to the classical transport methods have recently been proposed. 9 They include spray pyrolysis, direct liquid injection, aerosol-assisted CVD (AACVD), supercritical fluid transport (in carbon dioxide), 10 and flash evaporation of the solid. For these emerging delivery technologies, liquid precursors or solutions of precursors in organic solvents are used. A wider variety of metal-containing compounds in terms of thermal stability and volatility can be considered.
After a brief survey of the state-of-the-art for conventional MOCVD, we wish to illustrate some of the strategies which can be used for the tailoring of suitable precursors for AACVD of superconductors and/or of their buffer layers. Indeed, for many important applications, it would be useful to deposit YBCO layers directly on a metallic substrate; buffer layers may thus be required. This report is not intended to be an extensive review and the structural data on barium derivatives will only be briefly outlined since the structural chemistry of barium b-diketonates has been reviewed recently. 11 
STATE-OF-THE-ART FOR THERMAL MOCVD General considerations
Novel technologies are likely to rely on integrated multicomponent oxides (titanates, niobates, tantalates) and high-T c superconductors. The formulations of these perovskite-type materials are based on large elements, alkaline-earth metals, lead or bismuth, and early transition metals or lanthanides.
The precursors for CVD of such materials are predominantly metal alkoxides M(OR) n and bdiketonates M(RCOCHCOR') n and, to a lesser extent, alkyl or cyclopentadienyl derivatives. 2 Volatile hydroxylamides M(ONR 2 ) 4 (R = Me, Et) have also been reported for Group 4. 12 Most of these compounds are solids and their stability is usually estimated by repeated sublimations. The traditional delivery techniques used for solids and/ or liquids with low vapor pressures are direct sublimation or inert or reactive gas-bubbler methods. These require well-controlled, high-temperature delivery lines they can be in order to avoid condensation of the precursors. The complexity of the delivery systems increases with the number of lines required for a multicomponent material. 13 The mass transport of a solid is a function of the surface area of the powder and therefore the effective transport rate drops as the solid is consumed.
MOCVD precursors which are liquid at the temperature of use would thus offer greater filmgrowth efficiency and vapor pressure stability. 14, 15 Moreover, some precursors are unstable at high temperature over long periods of time. The quest for more stable and more volatile barium oxide precursors needed for ferroelectrics or high-T c superconductors is an example of the challenges in precursor chemistry in order to ensure reproducibility of the deposits, scale-up and thus industrial applications. This survey is focused essentially on barium derivatives. Suitable CVD precursors are available for most lanthanides except cerium. 16 The volatility of a compound is a complex function of intermolecular forces (van der Waals interactions, p-stacking or hydrogen bonds) which are affected by molecular weight and geometry and, for solids, lattice structure. Control of the oligomerization in the solid state and in the vapor by the steric bulk of the ligands, manipulation of Lewis acid-base reactions and thus formation of adducts, and use of fluorinated ligands represent the main directions for tailoring volatility.
Scheme 1 collects some of the O-and N-donor anionic and neutral ligands which have been used for molecular oxide precursors.
b-Diketonates and their adducts
b-Diketonates M(RCOCHCOR' n represent the predominant type of precursors used so far for access to high-T c superconductors by thermal MOCVD. It is well known that steric hindrance on the a-carbon atom favors volatility. 2,2,6,6,-Tetramethylheptane-3,5-dionates M(thd) n , based on b-diketones where R = R 1 = tBu and which are commercially available, are thus usually the best choice for non-fluorinated derivatives.
2 Whereas the vapor pressures are satisfactory for yttrium (as well as for trivalent lanthanides) and copper tetramethylheptanedionates, the situation is less favorable for barium. The large size of the alkalineearth metals, especially for barium, results in coordinative unsaturation, and barium tetramethylheptanedionate cannot be described by a simple formula such as Ba(thd) 2 .
3 By contrast with the monomeric nature of the yttrium and copper derivatives, barium tetramethylheptanedionate actually corresponds to a tetramer [Ba 4 (thd) 8 ], 17, 18 to pentanuclear clusters [Ba 5 (m 5 -X)(thd) 9 
or [Ba 5 (thd) 9 (piv)] (piv = pivalate = tBuCO 2 ), 21 or to the hexamer [Ba 6 (thd) 12 (H 2 O)13], 22 depending on the method of preparation. Of particular importance are the natures of the solvent, aqueous or nonaqueous, and of the barium source, barium hydroxide, chloride or nitrate. The method of purification can also be crucial. Gleizes et al. obtained the dimer [{Ba 2 (thd) 4 (MeOH) 6 }(MeOH) 2 ]. The compound was prepared in a queous medium using Ba(OH) 2 and recrystallized from methanol, 23 a synthetic procedure which was also reported to lead to [Ba 5 (m 5 -OH)(thd) 9 (H 2 O) 3 ] by recrystallization in pentane. 19 The different types of aggregation allow the metal to increase its coordination number to six, seven or even eight. 'Ba(thd) 2 ' can thus display quite different structures and thus properties in term of volatility and stability. The variations of physical properties are revealed, for instance, by the large range of melting points reported. The presence of residual solvent (often an alcohol), acting as a Lewis base in some commercial samples, is another aspect of the poor control of the properties of the barium oxide precursor. Sample prehistory is an important feature for volatility and stability characteristics. A decrease in the volatility with aging is also common for these precursors. Neutral or anionic hexanuclear peroxo derivatives based on a [Ba 6 (O 2 ) 2 (thd) 10 ] core have been reported and structurally characterized. 24, 25 Their formation might also account for the unstable vapor pressure characteristics. The factors favoring their formation remain poorly known.
Sterically hindered methoxy-(b)-diketones RR'C(OMe)COCH 2 COR@ have been developed recently for barium. The introduction of bulky end-substituents into the ligand does not reduce the degree of oligomerization in the vapor phase, but increases the thermal stability of the compounds. 26 Numerous attempts to synthesize volatile barium compounds have been described. Complexation has been widely used as a means to obtain a second, more stable, generation of precursors. The formation of complexes of barium tetramethylheptanedionate proceeds readily with nitrogen or oxygen donors. The nuclearity of the precursors is decreased. Dimers such as [Ba(thd) 2 23 However, a critical and less favorable aspect is their thermal behavior.
Indeed, the thermal behavior of these Lewis acid-base adducts is plagued by ligand dissociation reactions occurring during the transport into the vapor phase. The extent of dissociation during or before sublimation depends on the stability of the complexes. 29, 30 The complexes based on monodentate donors dissociate completely, whereas those based on tridentate ligands are partially dissociated. Dissociation of ca 65% has for instance been reported for [Ba(thd) 2 (deta)] (deta = diethylenetriamine = NH 2 C 2 H 4 NHC 2 H 4 NH 2 ). 29, 30 Addition of the Lewis base in the carrier gas in therefore required for improving the transport into the vapor. The presence of Lewis bases improves the storage stability of Ba(thd) 2 (the coordination number of the metal is higher), but the formation of hydrates remains possible as shown by the formation of [Ba 2 (thd) 4 (diglyme) 2 (m-H 2 O)] in which two Ba(thd) 2 (diglyme) moieties are assembled with a water molecule, and which has been structurally characterized. 31 Barium fluorinated b-diketonates are stronger Lewis acids, so their complexes are more stable.
[Ba(tfa) 2 (tetraglyme)] (tfa = tetrafluoroacetate) for instance, is transported into the vapor as the initial adduct. 32, 33 An appropriate choice of the Lewis base can allow a notable decrease in the melting point of the complex and use as a liquid barium precursor. 34 Indeed, whereas the melting point of [Ba(hfa) 2 (tetraglyme)] is 152°C, 32, 33 that of the unsymmetrical polyether adduct [Ba(hfa) 2 {MeO-(C 2 H 4 O) 6 nBu}] is only ca 52°C, making possible its use for long time periods without the interruption necessary for pulverizing the sintered samples to restore their volatility. 34 Secondary BaÁÁÁF bonds are often observed in the solid state for fluorinated -diketonates. 35, 36 However, if such bonds are favorable for saturation of the coordination sphere, they can also promote contamination of the deposits by barium fluoride. Defluorination by heating the films in an H 2 O-O 2 atmosphere is then necessary. Such precursors can however find application for fluoride glasses or photo-ionic materials. 37, 38 The sizes of calcium or strontium ions, smaller than that of barium, are more favorable for volatility since they have lower coordination numbers. On the other hand, barium can best accommodate Lewis bases in terms of size. However, the acidity of the metal center is also a determining factor in the stability of acid-base adducts. Acidity varies in the order Ca 2 bSr 2 bBa 2 . The effects of size and acidity on the thermal stability lie in opposite directions; the stability of the adduct will thus often be determined by the ligands. 39 Whereas no definite evidence has been found for a Ba(thd) 2 (thd) x adduct although such a species has been suggested to favor transport into the vapor, the strontium derivative [Sr 3 (thd) 6 (thdH)] has been suggested to favor the transport into the vapor, the strontium derivative [Sr 3 (thd) 6 (thdH)] has been structurally characterized. 40 
Alkoxides and aryl oxides
Saturation of the coordination sphere can be achieved by using encumbered anionic ligands, alkoxides or aryl oxides substituted in the 2-and 6-positions, for instance. Such ligands offer the advantage over b-diketonates of being relatively easily tailored with appendage, 'spacer' and additional donor sites the last affording the possibility of forming complexes stabilized by intramolecular coordination. 16, 41 Several attempts with ether or amine donor sites have been reported. Metal alkoxides or aryl oxides are, however, moisturesensitive and thus require more care in their handling than b-diketonates.
Barium alkoxides, including derivatives supported by functional or fluorinated alkoxides or bulky aryl oxides, are generally either non-volatile, or volatile in conditions too drastic for CVD applications, as they usually correspond to oligomers. Typical compounds are [Ba 5 (m-OH) (OAr) 9 (THF) 5 ] (Ar = C 6 H 3 (tBu) 2 -2,6 THF = tetrahydrofuran), 42 14 ]. 44 (H 4 stands for hydroxyl hydrogen which could not be located.) The nuclearity of bulky alkoxides or aryl oxides has been in part controlled by the presence of THF, affording monomers or dimers. No data on their volatility and/or thermal behavior have been reported. 45 Volatile solvent-free alkaline-earth metal alkoxides based on trifunctional alcohols such as OHCtBu (CH 2 OR) 2 (R = Et, iPr) have been reported recently. 46, 47 They are dimeric in the solid state as well as in the gas phase, and display well-defined sublimation temperatures (185°C/7.5 Â 10 À3 Torr for R = iPr).
The partial substitution of alkoxide ligands by bdiketonates, the latter acting essentially as chelating ligands, could be a means to reduce oligomerization and thus to increase the volatility. Lower hydrolytic susceptibility could be an additional benefit. However, barium b-diketonatoalkoxides also dis- 49 illustrate that trend. Finally, if such compounds can display properties pertinent for sol-gel applications, the combination of alkoxide and b-diketonate ligands has generally not achieved better volatility and/or stability of barium derivatives. TGA data show that the alkoxide ligand is generally more thermally labile than the -diketonate.
Siloxide ligands OSiR 3 are generally considered to decrease the hydrolytic susceptibility with respect to common metal alkoxides. 2 Their steric effect can be tuned by the choice of R. However, even ligands as sterically demanding as triphenyl siloxide form oligo-and poly-nuclear compounds of low volatility for barium. 50 Oligomerization can be limited if the synthesis is achieved in the presence of a polydentate ether, namely 15-crown-5. The barium and strontium monomers [M(OSiPh 3 ) 2 (15-crown-5)(THF)]THF are obtained. 51 However, none of these complexes sublimes intact, and undefined polymers 'M(OSiPh 3 ) 2 ' are obtained after ligand dissociation. Moreover, thermogravimetric analyses indicate that the solids are actually MSi 2 O 5 silicates. Silyl ether elimination can be achieved in solution, however, in the presence of titanium isopropoxide, giving a mixed-metal oxo intermediate whose thermolysis leads to crystalline barium titanate. These observations indicate that the thermal behavior of a precursor can be modified by the other metallic species, the OR groups of titanium isopropoxide assisting the elimination of the SiPh 3 groups.
Miscellaneous
Non-volatile barium and strontium fluorinated carboxylates have been reported as polyether adducts. 52 Their thermal decomposition in the solid state gives metal fluorides. However, the reactivity is different in the presence of Ti(Oi Pr) 4 3 Et and R@ = Me or tBu) species have been used as a volatile source of barium oxide to obtain BaPbO 3 films. However, these complexes display, as well as the b-diketonates, a limited thermal stability, as shown by the residues (up to 39%; theoretical value for BaO = 20%) in the atmospheric-pressure TGA experiments. 53 Hydridotris(3,5-dimethylpyrazolyl)borates have been reported for calcium, strontium and barium. 54, 55 The tridentate character of the ligand (as shown by X-ray diffraction studies) protects the metals from external reagents, moisture and oxygen. The compounds are volatile (sublimation at 200°C, 10 À3 Torr) but no other data concerning their thermal behavior are available. Whereas the barium derivative displays good solubility properties in common organic solvents, the calcium and strontium analogs are only sparingly soluble.
Calcium, strontium and barium metallocenes MCp' 2 based on bulky cyclopentadienyl ligands such as tBuC 5 H 4 or C 5 Me 5 or encapsulating ones such as C 5 H(iPr) 4 have been isolated and the trends of their physical properties discussed. 39 Derivatives with a pendant pyridine functionality on the ring have also been developed. 56 The nitrogen donor site interacts with the metal and thus limits the nuclearity.
Volatile mixed-metal precursors
Single-source precursors in which different metals are associated within the same molecule are accessible by a variety of strategies. Such compounds can be a means to increase stability and/or volatility of the barium precursors. 57 65 Their vapor pressures are higher than these observed for the homometallic tetramethylheptanedionates ( Fig. 1) and the association between the metals is retained in the vapor, as shown by mass spectrometry. Secondary BaÁÁÁF bonds complement the barium coordination sphere, allowing the metal to reach a coordination number of 12. The Ba 2 center is actually encapsulated between two Y(ORf) 2 (thd) 2 À units (Fig. 2) Relationships between volatility and molecular weight: predictive trends?
The volatility of a compound results from contributions from many factors. Enthalpies of sublimation have not been reported and relative volatilities are therefore estimated on the basis of sublimation temperatures. These data are semiquantitative at best, especially regarding the different pressures at which these temperatures have been reported (usually 10
À2
-10 À3 Torr). Nevertheless, qualitative comparisons of volatility as a function of the ligands set around the metal could be instructive. Sublimation temperatures indicate that an increase in the bulkiness of the ligands does not always improve volatility. Attempts to find correlations between sublimation temperature and molecular weight were made for yttrium and barium derivatives. 
AACVD PRECURSORS

Requirements of precursors and solvents
Dissolution of solid precursors in an appropriate solvent can be an alternative to the limitations described above. Different approaches for their transport into the evaporation chamber can be envisioned. They include mainly direct injection, spray pyrolysis or aerosols obtained via ultrasonic nebulization. Criteria for the selection of solvents for the nebulization process are high solubility of the precursors, low vapor pressure and low viscosity. Various alcohols or acetylacetone have often been used. 79 Diethylene glycol dimethyl ether, Me(OC 2 H 4 ) 2 OMe (diglyme, boiling point 160°C) or other glymes are also of interest. The solvent is an undesirable ballast in a CVD process. Therefore it should contain few carbon atoms, the partial pressure of the carbon dioxide generated by the decomposition of the solvent and/or precursors being generally the limiting factor for the growth rates of the films.
Solubility thus becomes a critical issue whereas volatility is the most important one for classical MOCVD. Compounds with poor volatility such as acetates have been used as precursors for AACVD experiments. Stability remains an important point but covers aspects different from those of conventional MOCVD. The precursor solutions are maintained at room temperature during the process but evolution of the solubility properties and precipitation can occur, especially during storage, as a result of impurities (hydrolysis generated by trace amounts of water) or by reactions if different types of precursors are used for multicomponent systems. These reactions, namely ligand exchange reactions or formation of mixed metal species, can occur if metal alkoxides are associated with b-diketonates or carboxylates in the feed solution and the homogeneity of the system can be modified Table  1 compares the requirements of precursors for classical MOCVD and for AACVD. Readily synthesized, low-cost chemicals, which can be manipulated on open benches, are also an important objective.
Design of precursors for liquiddelivery techniques
How can the quest for solubility and long-term stability in solution be addressed? By contrast to metal alkoxides, b-diketonates of different metals do not form stable mixed-metal species (although redistribution reactions between b-diketonates based on different ligands are observed in the vapor) 80, 81 and therefore solubility properties cannot be modified.
b-Diketonates are, at first glance, also attractive precursors for aerosol-assisted MOCVD techniques. They are easy to handle by comparison Its solubility is also lower than that of the yttrium and barium derivatives and it is more soluble in solvents such as hexane and THF than in polar ones such as alcohols or glymes. These solvents are often used for AACVD because of their low vapor pressure. The amount of solvent necessary for access to high-T c superconductors is thus generally determined by the solubility of Cu(thd) 2 . An additional unfavorable feature is that the formulations require the largest amount of precursor for copper. Stability of the solutions is determined by the handling of the precursors and by the purity of the solvent used. The compounds are in general more moisture-sensitive in solutions than in the solid state. Although Y(thd) 3 is hygroscopic, giving Y(thd) 3 (H 2 O) on exposure to air, 69 the demand lies essentially on the barium derivatives, which are more hydrolyzable than the other b-diketonates involved in the preparation of YBa 2 Cu 3 O 7Àx .
The importance of copper thin-film growth has motivated the synthesis of numerous Cu(II) 85 and Cu(I) 86 derivatives. Alkoxides supported by functional R groups such as copper(II) dimethylaminoethoxide [Cu(OC 2 H 4 NMe 2 ) 2 ] are highly soluble as well as volatile; their drawback is their sensitivity, however. Rigorous anaerobic conditions are required. A large variety of copper(II) b-diketonatoalkoxides are known. 87, 88 They are dimeric or tetranuclear, and their solubility and volatility can be tuned by the nature of the OR group. However, these compounds are still air-sensitive, although less so than the homoleptic copper alkoxides of low nuclearity.
Barium tetramethylheptanedionate complexes can be used as a source of barium oxide for liquid-delivery techniques. Since volatility is not crucial for AACVD, the choice of the Lewis base will depend on its ability to encapsulate the metal for easy handling and storage of the precursor, and to form carbon-free deposits with superconducting properties. Polydentate ethers or polyamine ligands such as di-or tri-glymes, 2,2'-bipyridyl (bipy) or 1,10-phenanthroline (o-phen) can for instance be selected. These complexes are all air-stable. 8 ] is used, thus modifying the composition (stoichiometry) of the feed solution, and to barium peroxo species. 24, 25 Better stability toward hydrolysis is observed with Ba(thd) 2 complexes where barium displays higher coordination numbers. [Ba 5 (OH)(thd) 9 (H 2 O) 3 ], a precursor in which the metals are assembled via a m5-hydroxo ligand, appears to be quite stable toward peroxide formation.
b-Ketoesterates
Whereas functional alcohols or carboxylic acids are easily accessible, b-diketones with a donor appendage are of less practical use since they often require several steps for their synthesis. Moreover, intermolecular rather than intramolecular binding of the side chain bearing the Lewis base site polyether so far, can destroy the expected volatility and also limit the solubility of the compounds. 89 bKetoesters ROCCH 2 CO(OR') are more easily accessible and the OR' group could be a handle for tuning solubility, stability and volatility. Such ligands (R = Me and R' = Me, Et,tBu, C 2 H 4 OMe and CH 2 C 6 H 5 ) were recently used for the development of copper precursors with low decomposition temperatures. 90 We have selected methylpivaloylacetate (mpaH, R = tBu, R' = Me) as a ligand. 91 Cu(mpa) 2 was easily obtained by ligand exchange reactions using copper methoxide. The compound is volatile, air-stable and more soluble in diglyme -about three times more -than Cu(thd) 2 . At first glance, Cu(mpa) 2 could be a satisfactory alternative to Cu(thd) 2 . However, ligand redistribution reactions between Cu(mpa) 2 and yttrium or barium tetramethylheptanedionates are observed in diglyme at room temperature. Cu(thd) 2 is obtained after only about 30 min (UV evidence, Fig. 5 ) for solutions having the compositions required for the YBa 2 Cu 3 O 7Àx ceramic. Tetramethylheptanedionates and b-ketoesterates are thus not compatible with each other if copper is involved. This can be overcome either by use of several 'source reactors' or by use of precursors from the same familly. The yttrium, cerium(IV) and barium methylpivaloylacetates were thus synthesized. They are obtained in high yields (b90%) (Scheme 2). Their solubility is a function of the solvent. As observed for copper, their solubility is higher than that of the tetramethylheptanedionates in polar media. The yttrium and barium derivatives are however less soluble than the M(thd) n derivatives in hydrocarbons. The oligomeric nature of barium and yttrium methylpivaloylacetates can be reduced by the formation of complexes such as [Y(mpa) 3 À3 Torr) is in agreement with the value expected, thus confirming that some prediction is possible. Ce(mpa) 4 displays a volatility comparable with that of Ce(thd) 4 , but more residues are observed in the ambient-pressure TGA experiment. The formation of [Ba(mpa) 2 ] m complexes is also a means of increasing stability toward moisture and thus of improving storage and handling. The main characteristics of the various b-ketoesterates are summarized in Table 2 . Evaluation of their potential for obtaining films is in progress.
Mixed-metal species vs heteroleptic species
The mixing of different types of precursors, for instance metal alkoxides and b-diketonates, results generally in the formation of new species as a result of the lability of the M-OR bond. These species can be either homometallic heteroleptic ones such as M(OR) nÀx (b-dik) x or heterometallic ones. 28 Formation of mixed-metal species can be exploited for the increase in solubility, in the stability toward moisture and/or dioxygen, and, if the right set of ligands has been selected as we have seen previously, in the volatility. 65 However, if b-diketonate ligands are a means of increasing volatility, they can also favor segregation between the metals in solution. The use of THF acting as a monodendate Lewis base can be sufficient for dissociation and formation of homometallic species in the case of OR groups such as t-butoxide, 28 especially if copper is one of the metals. Compounds based on functional alcohols are more stable toward dissociation.
Functional alkoxide ligands have been largely used for sol-gel applications in order to increase solubility and to decrease the susceptibility toward water. 2 59, 60, 63 Aminoalcohols can be another means of linking metals together.
Reactions between b-diketonates and metal alkoxides supported by aminoalcohols were thus investigated. Subtle differences in the OR group can lead to a different course of reaction (Scheme 3). This is well illustrated by the Y-Cu and Pr-Cu 3 . Two mixed-metal species of different stoichiometry (1:1 and 1:2) have been isolated for the Pr-Cu system (praseodymium derivatives are of interest for heteroepitaxy applications). The copper-rich species PrCu 2 (thd) 3 (ORn) 4 sublimes (140°C/10 À4 Torr) with liberation of copper alkoxide giving the more stable PrCu(thd) 3 (ORn) 2 species. Its structure has been established by singlecrystal X-ray diffraction (Fig. 6 ). The aminoalcohol acts as an assembling m, Z Sterically encumbered aryl oxide ligands are another means of reducing the hydrolytic susceptibility of the precursors. 2 An aryl oxide with potentially chelating aminomethyl arms could also act as an efficient bridging 'pincer' ligand. Stable hydrates have for instance been isolated for praseodymium. 92, 93 tion and/or formation of a complex is observed (UV evidence). This can be explained by the molecular structure. Each metal bears a chelating tetramethylheptanedionate ligand, the aryl oxide ligands act as assembling moieties via the oxygen atom but the metals are also clamped together by the nitrogen donor functionalities. The Ba-N(2) and Cu-N(3) coordination bonds lead to a tridendate aryl oxide. The other aryl oxide is of the m, Z 2 type and thus only one nitrogen center acts as a Lewis base. The water molecule is linked to barium but interacts by intra-and inter-molecular hydrogen bonding with the adjacent nitrogen sites. The barium atom is seven-coordinate and the copper center five-coordinate with a tetragonal-pyramidal surrounding. The steric crowding around barium makes the compound air-stable. The presence of hydrogen bonding is prejudicial to the volatility of the compound in the solid state. However, transport into the vapor via an aerosol can be achieved and evaluation of the characteristics of the deposits is in progress. Thermal decomposition starts at %195°C, a temperature which is quite low for aryl oxide derivatives. Different behavior is observed in solution if copper acetylacetonate reacts with [Ba 4 O(Otamp) 6 ]. These observations indicate the need for preliminary studies if different types of precursors are involved in a process. Table 3 summarizes some characteristics of the novel homometallic and mixed-metal species as compared with the usual b-diketonate derivatives.
CONCLUSIONS
The survey of the volatility data (namely sublimation temperatures) reported in the literature shows that an optimal volatility can be predicted on the basis of molecular weight in the case of yttrium derivatives. This has been confirmed with a bketoesterate complex, Y (mpa)3(bipy). The situation is more complex for barium derivatives, probably as a result of the influence of dissociation reactions and of a poor knowledge of the true molecular formulae. The limited number of volatile Ce(IV) or Ce(III) derivatives known so far precludes predictive trends. Novel precursors are desirable.
AACVD requires highly soluble species but their hydrolytic susceptibility should be reduced, especially for technological applications. Steric satura- Appl. Organometal. Chem. 12, 221-236 (1998) tion around the metal is a means of ensuring easy handling and protection against moisture and/or dioxygen. The selection of polar solvents because of their low vapor pressure is interesting since they might also ensure stabilization by complexation of the metal-containing species. For multimetallic systems likely to be based on the use of a single feed solution, the mixing of the same type of precursors is a guarantee of compatibility. Systems using different types of precursors might require immediate use, or additional studies of their molecular constitution to obtain information about their long-term stability regarding the absence of precipitation. Ligand exchange reactions are functions of numerous factors, among them the metal, and can occur even for derivatives as similar as bdiketonates and b-ketoesterates. Volatile, air-stable and soluble mixed-metal Y-Cu and Pr-Cu bdiketonatoalkoxides in which the metals are linked together by aminoalkoxide ligands have been obtained. They represent the first examples of volatile lanthanide-copper species without fluorinated ligands; their physical properties are compatible with their use in conventional as well as aerosol-assisted CVD. Evaluation of these precursors is currently in progress. However, if some tailoring of stability and volatility is possible, a better understanding of the fundamentals of the growth process that involves a combination of gasphase and surface chemistry is required to give better predictions of characteristics such as purity or epitaxy, especially for multicomponent oxides. 
